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In the preceding paper  1 a method was described for demonstrating 
the growth-inhibitory  and pneumococcidal effects of mixtures of serum 
and washed leucocytes from  animals naturally resistant to pneumo- 
coccus infection.  Serum and leucocytes of susceptible animals were 
found to lack these properties.  The present work is a  continuation 
of the study and deals with the action of pneumococcus immune serum 
in  serum-leucocyte mixtures  of  a  susceptible  animal--the  rabbit. 
The different views concerning the mechanism by which antipneumo- 
coccus serum produces  its  protective  effects and  the literature on 
previous investigation of the pneumococcidal activity of the blood of 
artificially immunized  animals  were presented in  the paper  above 
mentioned.  Suffice it to say here that there is no general agreement 
among workers in this field as to whether the increased resistance of 
animals, actively or passively immunized against pneumococcus, is 
due to the acquisition of pneumococcus-destroying  power by the blood 
or is to be attributed to some other and possibly unknown protective 
mechanism. 
Technique. 
The technique employed in the following experiments was the same as that 
previously used.  The organism was Pneumococcus Type I  of a strain which 
killed rabbits in quantities  of 0.000001 cc. of a standard suspension.  Rabbit 
leucocytes, obtained from an aleuronat pleural exudate, were used throughout. 
The normal rabbit serum was secured within 24 hours of use either from normal 
t Robertson, O. H., and Sia, R. H. P., J. Exp. Med., 1924, xxxix, 219. 
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rabbits weighing 1,500 to 2,000 gin., or from the one  supplying the leucocytes. 
Except when it is otherwise  stated,  the immune serum used in  the  following 
experiments  was the therapeutic antipneumococcus  serum Type I  supplied  by 
the New York State Department of Health.  Two lots of serum were employed 
--one dated February, 1919, and the other November, 1922.  2  The latter serum 
was used in all the experiments  except  Nos. 1 and 8, in which the 1919 serum 
was employed.  Both  these  immune  sera  were  tested  for  their mouse pro- 
tective properties at the beginning  o[ the present study, and were found to be 
highly potent--0.2 cc. of serum protected Chinese  field  mice,  weighing 20 gin., 
against 0.2  to 0.4 cc. of the  standard suspension  of pneumococci  which  killed 
in  quantities of 0.0000001 cc.  The immune serum dilutions were made Locke's 
or  gelatin-Locke's  solution.  Save  when  otherwise  indicated,  the  immune 
serum  was  not inactivated by heating. 
EXPERIMENTAL. 
Bactericidal  Action  of  a  Normal  Rabbit  Serum-Leucocyte  Mixture 
Containing Immune Serum. 
Experiment/.--(Table I.)  Two strains  of Type I  pneumococcus  of different 
virulence for rabbits were tested.  Strain A is the original Neufeld obtained from 
the Hospital of The Rockefeller Institute where it had been kept in blood broth for 
a number of years.  Its killing dose for rabbits was found to be 0.01 to 0.001 cc. 
of an abundant actively growing culture.  Strain B is the organism used regularly 
throughout the following experiments,  one of high virulence  for rabbits.  The 
immune serum was inactivated at 56°C. for ½  hour.  Agitation was maintained at 
a rate of 35 to 40 revolutions and 8 to 10 oscillations per minute continuously for 
a period of 72 hours, at the end of which  time the contents of the tubes  were 
examined microscopically and transplanted into dextrose blood broth. 
The addition of a  very small quantity of immune serum--0.0001 
cc.--to a  rabbit serum-leucocyte mixture was found to confer on this 
medium  marked  growth-inhibitory  powers.  Table  I  shows  that 
pneumococci in quantities less than 0.001 cc. of the standard suspen- 
sion failed to show any growth at the end of 72 hours.  Furthermore, 
cultures of the contents of such tubes as failed to show organisms in 
the stained film at the end of this time proved negative.  On the other 
hand, control tubes containing rabbit leucocytes and serum without 
immune serum failed to show inhibition of the growth of even 0.000- 
0001 cc. of the same suspension of pneumococci.  The two strains of 
2 These experiments were carried out in 1923.  The immune sera had been kept 
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pneumococci, differing considerably in virulence, reacted alike in these 
regards. 
In order to exclude the possibility that lack of growth in the dextrose 
blood broth at the end of 72 hours might be due merely to involutional 
TABLE  I. 
Bactericidal A ction of Rabbit Serum-Leucocyte  Mixture Containing Immune Serum. 
Normal rabbit serum 0.2 cc.  +  rabbit leucocyte suspension 0.1 cc. +  immune 
serum dilution 0.i cc. +  pneumococcus suspension 0.1 co. 
(a) 
Moderately 
virulent 
organism. 
(b) 
Highly 
virulent 
organism. 
Amount of  Amount 
of 
standard  immune 
suspension,  serum. 
cc° 
0.01 
0.001 
0.0001 
0.00001 
0.000001 
0.001 
0.0001 
0.00001 
0.000001 
0.0000001 
Control with- 
out immune 
serum, 
0.000000! 
0.0001 
~c 
24 
Color change. 
At hrs. 
4s  { 
++++ 
0  ++++ 
0  0 
0  +* 
0  0 
"  0 
"  0 
~  0 
~c  0 
"  0 
++++ 
++  ++++ 
0  0 
0  0 
0  0 
0  0 
At 72 hrs. 
Pneumo- 
cocci in 
stained 
72  film. 
+ 
+ 
0  0 
+*  0 
0  0 
+ 
0 
0 
0 
0 
+ 
Growth 
in 
culture. 
Color changes indicating formation of methemoglobin are indicated as follows: 
~, first appreciable change--a little darker red. 
+, well marked change--definitely darker. 
+  +, moderately deep red. 
+  -I- +, very deep purplish red. 
+  +  +  +, black. 
* Hemolysis. 
changes  incident  to  the  long  inhibition  of  growth  in  the  serum- 
leucocyte mixture  and hence could not be taken  to indicate a  direct 
pneumococcidal  action,  the  contents  of  the  tubes  in  Experiment  2 
were cultured at varying intervals of time from 12 to 72 hours. TABLE  II. 
Tests for Bactericidal Action at Varying Intervals  of Time. 
Normal rabbit serum 0,2 cc. +  rabbit leucocyte suspension 0A co.  +  immune 
serum dilution 0.1 cc. +  pneumococcus suspension 0.1 cc. 
Amount of  [ 
standard 
susPension, 
CO. 
0.01 
0.001 
0.000t 
0.00001 
0.000001 
0.01 
0.001 
0.0001 
0.00001 
0.01 
0.001 
0.0001 
0.00001 
0.01 
0.001 
0,0001 
0.00001 
0.01 
0.001 
0.0001 
0.00001 
Controls with- 
out immune 
serum. 
0.000001 
0 .OOOOO01 
Dextrose blood 
broth control. 
0.0000001 
Dextrose blood 
agar plate. 
0.0000001 
Amount of 
immune 
serum. 
CC. 
0.001 
¢C 
Culture. 
hT$. 
12 
24 
48 and 72 
24 
gg 
g~ 
gg 
gg 
48 and 72 
Pneumoeocci 
in stained 
film at time 
of culture. 
P 
--*  ] 
i 
0 
0 
0 
+ 
0 
0 
0 
+ 
0 
0 
0 
+ 
0 
0 
0 
At 24 hrs. 
! 
+ 
+  i 
I 
I 
f 
+  (in12 
hrs.).  ; 
i 
I 
91 colonies. 
80  " 
Growth in  i 
culture,  i  Culture media. 
+ 
+ 
0 
0  I 
0 
+ 
+ 
0 
0 
+ 
0 
0 
0 
Dextrose blood broth. 
"  "  Rgax 
plate. 
i Dextrose blood agar 
!  plate. 
*  --, not examined, 
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Experiment  2.--(Table II.)  The tubes were agitated at a rate of 24 revolutions 
and 20 oscillations  per minute continuously until times of culture, as indicated in 
the table.  Parallel sets of tubes were cultured in dextrose blood broth and dex- 
trose blood agar plates. 
The results of this experiment (Table II) show that after as short 
a period as 12 hours pneumococci could not be recovered in culture 
from those tubes containing less than 0.001  cc. of the standard sus- 
pension.  Culture into dextrose blood agar plates gave approximately 
the same result as  did the broth cultures.  If anything, the blood 
broth proved to be a slightly more sensitive medium than the blood 
agar.  Plate controls seeded immediately after the completion of the 
test with 0. 0000001  cc. of the standard suspension yielded 80 and 91 
colonies  respectively.  The  blood  broth  tubes  showed  abundant 
macroscopic growth in 12 hours.  The greater degree of growth inhibi- 
tion in this experiment, as contrasted with Experiment 1, is due to the 
employment of a larger quantity of immune serum. 
While the culture media employed in the above two experiments for 
the detection of viability proved to be of a highly suitable nature for 
growth of the pneumococcus, these media, after all, are artificial and 
it was felt that before non-cultivability  of the pneumococci (following 
their sojourn in the immune serum-normal serum-leucocyte mixture) 
could be taken to indicate death of the organism, a more natural cul- 
ture medium should be used.  In Experiment 3  the contents of the 
serum-leucocyte tubes were injected into field mice, which animals 
had been found to be very susceptible to the strain of pneumococcus 
used.  0. 0000001  cc. of the standard suspension injected into mice 
weighing 20 gin. killed regularly in 24 to 36 hours. 
t~xperlment 3.--(Table III.)  Tubes were agitated  at a  rate  of 12  revolu- 
tions and  10 oscillations per minute  for 2½ hours, then the rate was reduced 
to 7 to 8 revolutions and 6 to  7 oscillations  until  12  hours  had  elapsed, 
when agitation  was stopped and the tubes left undisturbed in  the incubator 
for the remainder of the 24 hours.  At this  time the contents of the tubes 
were examined microscopically, then injected into field mice.  One  set  was 
also cultured in  the usual dextrose blood broth.  The mouse controls  were 
injected immediately after the  test  had  been assembled.  The  mice were 
observed for 12  days. 
The employment of mice as  the media for testing viability gave 
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TABLE  III. 
Mouse  Inoculation  as  Test  for  Viability. 
Normal rabbit serum 0.2 cc.  +  rabbit leucocyte suspension 0.1 cc.  +  immune 
serum dilution 0.1 cc.  +  pneumococcus suspension 0.1 cc. 
Amount of  Amount of 
standard  immune 
suspension,  serum. 
¢¢.  cc. 
0.01  0.001 
0.001 
0.0001  " 
0.00001  " 
0.000001  " 
0.01  " 
0.001  " 
0.0001  " 
0.00001  " 
0.00000I  " 
ooo,  o.o,ool 
0.0001 
0.00001  " 
0.000001  " 
0.0000001  " 
Control with- 
out immune 
serum, 
0.0000001 
Blood broth 
control. 
0.0000001 
Moose control. 
0.000001 
0.0000001 
Color 
change. 
0 
0 
0 
0 
0 
++++ 
D,,. 30 hrs. 
30  " 
At 24 hrs. 
Pneumo- 
cocciin 
stained film. 
+ 
0 
0 
0 
0 
+ 
0 
0 
0 
0 
+ 
Growth in 
culture. 
+ 
0 
0 
0 
0 
D. 21 hrs. 
S. 
¢¢ 
D. 12 hrs.* 
S. 
+ 
Culture media. 
Dextrose blood broth. 
Field  mice.  Weight  20 
gm. 
Field  mice.  Weight  20 
gm. 
S., survived. 
D., died. 
* Death  not  due  to  pneumococcus  infection. 
autopsy. 
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agar.  0.001  cc. of the standard suspension, after 24 hours sojourn 
in the immune serum-normal serum-leucocyte mixture, failed to kill 
the test mice, while the control mouse injected with 0.0000001  cc. 
of the same suspension died within 30 hours. 
Mechanical Factors A2fecting the Reaction. 
Experiment 4.--(Table IV.)  Comparison  of slow  with rapid agitation for vary- 
ing periods of time.  The tests with the two speeds were carried out on different 
days but under as nearly identical conditions as possible.  It was necessary, of 
course, to employ a different suspension each day.  The possibility of error thus 
introduced has been minimized by several repetitions of the experiment.  A type 
instance will be found in Table IV.  With those tubes agitated at a slow rate, the 
agitator was run at 5 revolutions and 4 oscillations per minute; the rapid rate 
was 25 revolutions and 20 oscillations per minute.  Periods of agitation are in- 
dicated in the table.  Those  tubes agitated for less than 24 hours were removed 
from the apparatus and allowed  to stand undisturbed in the incubator until time of 
culture. 
The results of this experiment (Table IV) show clearly that speed of 
agitation affects the degree of growth inhibition.  With slow agitation, 
growth was irregular in those tubes agitated for less than 9 hours; 
while rapid agitation for only 2 hours elicited the maximum degree of 
growth  inhibition  encountered.  It  is  true  that  continuous  slow 
agitation for a long period produced the same effect as rapid agitation 
for a brief period.  The conclusion might be drawn from the outcome 
of this test that agitation for 72 hours produced the optimum degree 
of inhibition, since in  those tubes  agitated for this length of time 
growth failed to occur with quantities of pneumococci less than 0.01 
cc.  However, subsequent tests have not shown this to be the case. 
Similar slight variations have been found to occur occasionally, quite 
independent of time of agitation or any other discoverable factors. 
In most of the tests in which 0. 001 cc. of immune serum was employed, 
inhibition occurred regularly in all those tubes containing less than 
0.01 cc. of the standard suspension.  In some experiments, however, 
only the tubes with less than 0. 001 cc. of organisms showed no growth. 
Occasionally in a single test certain tubes will show inhibition above 
0.01  cc.  and  others  above  0.001  cc.  of  the  standard  suspension. 
These variations may depend on differences between the serum and 
leucocytes of the individual animals used.  Altogether the tests have TABLE  IV. 
Time and Rate of A gitation. 
Normal rabbit serum 0,2 cc.  +  rabbit leucocyte suspension 0.1 cc.  +  immune 
serum dihltion 0.1 cc.  +  pneumococcus suspension 0.1 cc. 
Amount of stand- 
ard suspension. 
0.01 
0.001 
0.0001 
0.00001 
0.01 
0.001 
0.0001 
0.00001 
0.01 
0.001 
0.0001 
0.00001 
0.01 
0.001 
0.0001 
0.00001 
0.01 
0.001 
0.0001 
0.00001 
0.01 
0.001 
0.0001 
0.00001 
0.01 
0.001 
0.0001 
0.00001 
Controls  without 
immune  serum. 
0.000001 
0.0000001 
Amount of 
immune 
serum, 
6C. 
0.001 
¢c 
(( 
4( 
g~ 
(( 
(( 
(J( 
(¢ 
(( 
Time of 
agitation. 
hrS. 
2 
12 
24 
72 
72 
Slow agitation.  Rapid agitation. 
At 24 hrs.  At 24 hrs. 
Pneumo-  Growth in 
cocci in 
stained film.  culture. 
+ 
0  + 
0  0 
0  0 
+ 
0  + 
0  + 
0  0 
+ 
0  + 
0  + 
0  + 
+ 
0  + 
0  0 
0  0 
+ 
0  + 
0  0 
0  0 
+o  + 
0  0 
0  0 
Pneumo- 
cocci In 
stained  film. 
+ 
0 
0 
0 
+ 
0 
0 
0 
+ 
0 
0 
0 
+ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
+ 
+ 
At 72  hrs. 
+ 
0  0 
0  0 
0  0 
At 24 hrs.  At  24 hrs. 
+ 
+ 
Growth in 
culture. 
+ 
0 
0 
+ 
0 
0 
+ 
0 
0 
+ 
0 
0 
+ 
+ 
0 
0 
At 72 hrs. 
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shown that after a  certain minimum period of agitation, which should 
be not less than 6 hours, further agitation does not make any differ- 
ence in the results. 
Rate at Which Bactericidal A ction Occurs. 
Tests  were next  carried  out  to  determine if possible the  time re- 
quired for destruction of the pneumococci in the immune serum-nor- 
mal serum-leucocyte mixtures. 
TABLE  V. 
Rate at Whick Bactericidal  A ction Occurs. 
Normal rabbit serum 0.2 cc.  +  rabbit leucocyte suspension 0.1 cc.  +  immune 
serum dilution 0.1 cc. +  pneumococcus suspension 0.1 cc. 
Amount of 
standard 
Suspension. 
¢C° 
0.001 
0.0001 
0.00001 
0.000001 
0.01 
0.001 
0.0001 
0.00001 
Controls without 
immurJe serum. 
0.000001 
0.0000001 
Amount of 
immune 
$~rtl/ll. 
3 
+ 
+ 
0 
0 
Culture. 
GO. 
0.001  + 
"  + 
"  + 
"  0 
At  hrs, 
6 
0 
0  • 
9  12 
0  0 
0  0 
Pneumococci in stained 
film at 72 hrs. 
+ 
+ 
72 
+ 
0 
0 
0 
Experiment 5.--(Table V.)  Tubes were agitated continuously at a rate of 20 
revolutions and 16 oscillations per minute.  At times indicated in the table, tubes 
were removed from the agitator and the contents cultured in dextrose blood broth. 
Cultures  made  of those  tubes  agitated  and  incubated  for only 2 
hours yielded growth with all except the highest dilution, 0. 000001 cc. 
of the standard  suspension.  Since the culture from the control tube 476  PNEIJMOCOCC'US  GP.OWTIt  INHIBITION.  III 
at  this  dilution was positive, it  follows that  beginning  destruction 
of pneumococci  had occurred at this time.  After 3 hours, well marked 
bactericidal action was  evident.  From this  time on until after 12 
hours no further increase in the degree of growth inhibition occurred. 
Those  tubes  agitated  for  72  hours  showed  a  considerably greater 
inhibition of growth.  In Table II it is seen that maximum inhibition 
of pneumococcus growth does not occur until after 24 hours incubation 
in  the  serum-leucocyte mixture.  As  was  stated  in  the  previous 
communication failure of the pneumococci to grow in highly sensitive 
culture media after incubation for 2 to 3 hours in the serum-leucocyte 
mixture does not constitute absolute proof that bactericidal action has 
taken place by this time but is strongly indicative that such is the case. 
Quantitative  Action of Leucocytes. 
Experiment 6.--(Table  VI.)  The  leucocyte  suspension used  contained  as 
usual 0.05 cc. of red blood cells.  It was employed in quantities of 0.1 cc. except in 
the first three tubes, which received 0.2 cc. of the suspension containing  10,000 
leucocytes per c.mm.  Those suspensions containing less than  10,000 leucocytes 
per c.mm. were prepared by diluting the original  (10,000) suspension in gelatin- 
Locke's solution.  Agitation was maintained at a speed of 25 revolutions and 20 
oscillations throughout the duration of the experiment. 
It is seen in Table VI that a quantitative relationship exists between 
the number of leucocytes in the suspension used and  the degree of 
growth inhibition brought about.  The quantity of leucocytes chosen 
at first arbitrarily was found to produce the maximum effect.  Doub- 
ling this quantity produced no further increase in growth inhibition, 
whereas diminishing the number to 1,000 leucocytes  per c. ram. caused 
a marked reduction in inhibition of growth, and a further decrease to 
100  leucocytes per c.mm.  resulted  in a  complete disappearance of 
this action.  Repetitions of the experiment gave similar results. 
Quantitative  Action of Immune Serum. 
Experiment 7.--(Table VII.)  The only variable in this experiment was the 
quantity of immune serum added.  Dilutions of immune serum varying from 1  : 5 
to 1  : 50,000  were employed, representing quantities of the undiluted serum from 0.1 
to 0.00001 cc.  The figures  in the table indicate the actual dilution of the immune 
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same as in Experiment  6.  Microscopical examination and culture of the tubes 
were made at 72 hours. 
It was found  that maximum  growth inhibition was produced with 
dilutions of immune serum as high as 1 : 500.  A  concentration of 1 : 5 
failed  to  produce  any  greater  effect.  However,  as  higher  dilutions 
TABLE  VI. 
Quantitative Action of Leucocytes. 
Normal rabbit serum 0.2 cc.  +  rabbit leucocyte suspension 0.1 cc.  +  immune 
serum dilution 0.1 cc. +  pneumococcus suspension 0.l cc. 
Amount of 
standard 
suspensioB. 
0.01 
0.001 
0.0001 
0.01 
0.001 
0.0001 
0.00001 
0.01 
0.001 
0.0001 
0.00001 
0.01 
0.001 
0.0001 
0.00001 
0.001 
0.0001 
0.00001 
0.000001 
Controls. 
0.000001 
0.0000001 
Amount of 
immune 
serum. 
6C. 
0.001 
0 
0 
0.001 
No. of 
leucocytes 
per e.mm. 
20,000 
10,000 
5,000 
¢¢ 
¢¢ 
¢¢ 
1,000 
¢¢ 
¢¢ 
100 
10,000 
Color change.  I 
At hrs. 
72 
4- 
4- 
0 
+ 
+ 
+ 
+ 
At 7 2 hrs. 
+ 
At 72 hrs. 
Growth in 
culture. TABLE  VII. 
Quantitative Action of Immune Serum. 
Normal rabbit serum 0.2 cc.  +  rabbit leucocyte suspension 0.1 cc.  +  immune 
serum dilution 0.1 cc.  +  pneumococcus suspension 0.1 cc. 
Amount  of 
standard 
suspension. 
0.1 
0.01 
0.001 
0,1 
0.01 
0.001 
0.01 
0.001 
0.0001 
0.00001 
0.01 
0.001 
0.0001 
0.00001 
0.0i 
0.001 
0.0001 
0.00001 
0.001 
0.0001 
0.00001 
0.000001 
0.001 
0.0001 
0.00001 
0.000001 
0.0000001 
0.0001 
0.00001 
0.000001 
0.0000001 
Dilution of 
immune  serum. 
1:5 
1:50 
gc 
1:500 
tt 
c~ 
~t 
1:1,000 
1:2,000 
1:4,000 
** 
c* 
1:8,000 
cl 
gg 
1:16,000 
*c 
*c 
24 
++++ 
0 
0 
++++ 
0 
0 
++++ 
0 
0 
0 
++++ 
0 
0 
0 
++++ 
0 
0 
0 
++++ 
0 
0 
0 
++++ 
0 
0 
0 
0 
++++ 
++++ 
++++ 
0 
t 
Color change.  At 72 hrs. 
At hrs. 
48  72 
+++ 
0 
0 
++++ 
0 
0 
++++ 
0 
0 
0 
++++ 
0 
+ 
0 
++++ 
0 
0 
Pneumococci 
in stained 
film. 
0 
+ 
0 
0 
0 
++ 
0 
0 
0 
++ 
+ 
0 
Growth  in 
culture, 
0 
0 
0 
0 
0 
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TABLE  VII--  Concluded. 
479 
Amount of 
standard 
suspension. 
0.00001 
0.000001 
0.0000001 
0.00001 
0.000001 
0.0000001 
Controls without 
immune  serum. 
0,000001 
0.0000001 
Dilution of 
Immune serum, 
1:32,000 
c* 
1:50,000 
24 
++++ 
++++ 
0 
++++ 
++++ 
++++ 
++++ 
++++ 
Color  change. 
At hrs. 
48 
At 72 hrs. 
Pneumococci ] 
in  stained 
72  film. 
+ 
+ 
o  o 
+ 
+ 
+ 
+ 
+ 
Growth in 
culture. 
of the immune serum were reached (Table VII), the degree of growth 
inhibition decreased steadily until at a dilution of 1 : 50,000 this prop- 
erty of the  serum-leucocyte mixture disappeared.  It  is  of interest 
to note that even with an immune serum dilution of 1:32,000,  there 
was a definite, if slight, growth-inhibitory and bactericidal action. 
Comparison  of Immune Serum Action in  Vitro  with Protective Action 
in Mice. 
Having found that the addition of antipneumococcus  serum  to  a 
mixture of the serum and leucocytes of a susceptible animal, the rabbit, 
conferred on this mixture growth-inhibitory and bactericidal proper- 
ties  for  the  pneumococcus,  and  furthermore  that  the  effect of the 
immune serum was quantitative in nature, it remained to determine 
whether the action of the immune serum in the test-tube was  com- 
parable to its protective function in the animal body.  In order to 
test this point it was necessary to compare two immune sera of different 
potencies, for their in vitro and in vivo activity. 
Experiment&--(TableVIII.)  The immune serum, Horse 1, was the therapeutic 
antipneumococcus serum, Type I, supplied by the New York State Department 
of Health, dated 1919.  Immune serum, Rabbit 4, was one prepared in the labora- 
tory several months previously, according to the method used by Cole and Moore.  3 
8 Cole, R., and Moore, H. G., J. Exp. Med., 1917, xxv~,  537. TABLE  VIII. 
Comparison  of Immune Serum Action  in  Vitro  with Protective  Action  in Mice. 
Normal rabbit serum 0.2 cc., rabbit leucocyte  suspension 0.1 cc., immune serum 
dilution 0.1 cc., pneumococcus suspension 0.1 cc. 
(a)  Growth Inhibition. 
Immune serum, 
Horse 1. 
Immune serum 
Rabbit 4. 
Amount  of 
standard 
suspension. 
CO. 
0.000001 
~t 
t~ 
tt 
tt 
t¢ 
t¢ 
Control with- 
out immune 
serum. 
0.000001 
1:250 
1:375 
1:500 
1:1,250 
1:2,500 
1:3,750 
1:5,000 
1:12,500 
1:50 
1:125 
1:250 
1:375 
1:500 
1:1,250 
1:2,500 
1:3,750 
Color change. 
Dilution of  [ 
immune  At  hrs.  ]  Pneumo- 
serum.  ]  cocci m 
.  [  stained 
__  24  48  __  72  /  film.  __ 
0  l  C  0 
0 
0 
0 
0 
0 
0 
+ 
0 
0 
0 
0 
0 
0 
0 
+ 
0 
0  0  C 
0  0  C 
0  0  C 
0  0  ]  C 
o  o  I  c 
0  0  ]  C 
++++  -~ 
0  0  C 
0  0  C 
0  0  C 
0  0  C 
0  0  C 
0  0  C 
++  ++++  -~ 
+  Jr 
1  At  72 hrs. 
++++ 
(b) Mouse Protection. 
Result. 
Growth  in 
culture. 
Immune serum, 
Horse 1. 
Immune serum, 
Rabbit 4. 
Amount  of 
standard  suspension, 
c¢, 
0.4 
0.2 
0.1 
0.01 
0.001 
0.0001 
0.00001 
0.2 
0.1 
0.01 
0.001 
0.0001 
0.00001 
Control  without 
immune  serum. 
0.0000001 
Amount of 
imnlune serum. 
CC. 
0.2 
4~ 
¢¢ 
S. 
~t 
~g 
D. 12 to 15 hrs. 
"  12  "  15  " 
S. 
¢¢ 
4¢ 
D. 21 hrs. 
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This serum was inactivated at 56  ° for ½  hour before use.  The tubes were agitated 
continuously for 72 hours.  The mouse protection test was performed on another 
day with a different suspension.  Chinese field mice weighing 20 gin. were used for 
this purpose.  The mice were observed for a period of 10 days after inoculation. 
The result of the mouse protection test  (Table VIII) showed that 
the  immune horse  serum  was much  more potent  than  the  immune 
rabbit serum.  Mice injected with 0.2 cc. of the horse serum survived 
a  dose of 0.4  cc.  of a  suspension  of  pneumococci,  0.0000001  cc.  of 
which killed the control mouse in 21  hours,  while mice receiving the 
rabbit serum failed to survive an infecting dose of 0.1  cc. of the same 
suspension.  A similar difference between the potency of the two sera 
was found in the outcome of the growth inhibition  test.  A  dilution 
of the immune horse serum as high as 1 : 5,000 was effective in prevent- 
ing the growth of 0. 000001 cc. of the standard  suspension of pneumo- 
cocci, whereas dilutions  of the immune rabbit serum  above  1:1,250 
failed to cause growth inhibition of the same amount of pneumococcus 
suspension.  A  second test was carried  out, with two immune sera of 
greater difference in their protective action in mice. 
Experiment 9.--(Table IX.)  The immune serum, Horse 2, was the serum used 
throughout the majority of the previous experiments.  Immune serum, Rabbit 
2, was one prepared similarly to immune serum, Rabbit 4, but it had been obtained 
2½ years prior to this experiment.  The tubes were agitated at a rate of 5  to  6 
revolutions and 4 to 5 oscillations per minute continuously for 24 hours, when they 
were examined microscopically and cultures made.  The mouse protection test 
was carried on at the same time as the growth inhibition test, and the mice were 
inoculated with the same pneumococcus suspension.  Field mice were used as in 
Experiment 8. 
In this experiment the immune serum, Horse 2, showing well marked 
protective properties for mice, was found to produce marked inhibition 
of growth in the rabbit serum-leucocyte mixture; while immune serum, 
Rabbit 2, which afforded only feeble protection to mice against  pneu- 
mococcus infection, was found to exert a  correspondingly  weak effect 
in the growth inhibition test. 
The normal serum of animals naturally resistant  to pneumococcus 
infection such as the cat and the dog, failed, even in high concentration, 
to  bring  about  growth  inhibition  in  the  rabbit  serum-leucocyte 
mixture. TABLE  IX. 
Comparison  of  Immune  Serum  Action  in  Vitro  with  Protective  Action  in  Mice. 
Normal rabbit serum 0.2 cc., rabbit leucocyte suspension 0.1 cc., immune serum 
dilution 0.1 co., pneumococcus suspension 0.1 cc. 
(a)  Growth Inhibition. 
Immune  serum, 
Horse 2. 
Immune serum, 
Rabbit 2. 
Amount of 
standard 
suspension. 
¢¢. 
0.000001 
¢¢ 
~c 
~e 
c¢ 
¢c 
Controls  without 
immune  serum. 
0.000001 
0.0000001 
Dilution  of 
immune  serum. 
1:500 
1:1,000 
1:2,000 
1:4,000 
1:8,000 
1:16,000 
Color 
change. 
0 
0 
0 
0 
+* 
++++ 
0 
+ 
0 
+ 
+ 
+ 
+ 
+ 
++++  + 
++++  + 
1:50 
1:100 
1:200 
1:500 
1:1,000 
1:2,000 
1:4,000 
1:8,000 
0 
++++ 
++++ 
++++ 
++++ 
++++ 
++++ 
++++ 
At  24 hrs. 
Pneumococci 
in stained 
film. 
Growth  in 
culture. 
(b)  Mouse Protection. 
Result. 
Immune serum, 
Horse 2. 
Immune serum, 
Rabbit 2. 
Amount of 
standard suspension. 
¢¢. 
0.2 
0.1 
0.01 
0.001 
0.I 
0.01 
0.001 
0.0001 
0.00001 
Controls without 
immune  serum, 
0.000001 
0.0000001 
Amount of 
immune serum. 
C¢. 
0.2 
c~ 
S. 
g¢ 
D.  19 hrs. 
"  104  " 
"  48  " 
S. 
D. 36 hrs. 
"  36  " 
* Hemolysis. 
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Attempts to use citrated whole blood in place of the washed leu- 
cocytes and serum have thus far proved unsuccessful. 
DISCUSSION. 
The parallelism found to exist between the in vitro and the in vivo 
action of the immune sera tested, would indicate that the effect of the 
immune serum in the serum-leucocyte mixture is at least comparable 
if not similar in nature to that produced in the serum-protected  animal. 
It has been shown that in the test-tube death of the pneumococci is 
brought about by the combined action of the immune serum, normal 
serum, and leucocytes.*  Whether or not destruction of the pneumo- 
cocci occurs entirely within the leucocytes has not been determined, 
but it is certain that the leucocytes play an essential r61einthe proc- 
ess since the number of organisms killed was found to be dependent 
on the quantity of leucocytes present. 
The absence of any appreciable antitoxic or growth-inhibitory effect 
on the part of the immune serum itself was indicated by the finding 
that after the addition of a certain minimum amount of immune serum 
--presumably the quantity required for complete opsonization of all 
the pneumococci present~a  further addition  failed  to  produce an 
increase in the number of pneurnococci killed.  The part agglutination 
may play in the reaction was not investigated further than to note that 
agglutination  could  not  be  detected in  those  tubes  containing  the 
higher dilutions of immune serum which were nevertheless very effec- 
tive  in  causing  growth  inhibition  and  death  of  the  implanted 
pneumococci. 
Of the methods used to test the potency of antipneumococcus serum, 
the determination of its protective action in mice has proved by far 
the most satisfactory, since this gives direct evidence of the power of 
the immune serum to assist the normal defense mechanism to kill the 
invading pneumococci.  The  agglutination  titer,  while  of-value in 
estimating the strength of the freshly obtained serum, is at best an 
indirect measure of its action in the body and cannot be used to test 
sera  that have stood  for some months,  as  the agglutinins  tend  to 
*  A further communication will deal with the part played by the fresh serum in 
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diminish progressively and not infrequently disappear entirely from 
an immune serum which is still highly potent.  A test-tube reaction, 
in  which  the  essential  immune  properties  of  the  serum  could  be 
determined  quantitatively,  would  have  some  advantages  over  an 
animal test, in the way of eliminating certain disturbing effects such 
as  variations  in  individual  resistance,  the  occurrence  of secondary 
infection,  etc.,  as well as shortening  considerably the time required 
for the test.  The growth inhibition test with a  rabbit serum-leuco- 
cyte mixture has given results indicating a usefulness for this purpose. 
Repeated tests on the same lot of serum, by means of the method  of 
progressive  serum  dilution,  with  a  fixed  quantity  of  pneumococci, 
have given surprisingly constant results; i.e.,  the immune serum action 
has  disappeared  in  each  test  at  approximately  the  same  dilution. 
Whether the growth inhibition  test is as delicate an indicator of the 
strength  of the immune  serum as mouse protection it is impossible 
at present to say. 5 
SUMMARY. 
Using  the method  described in  an  earlier  publication  for  testing 
the  growth-inhibitory  and  bactericidal  activity  of  serum-leucocyte 
mixtures for the pneumococcus, a study has been made of the action 
of antipneumococcus serum added to the serum and leucocytes of the 
rabbit, which alone lack the power to inhibit pneumococcus growth. 
It was found that the additiori of relatively small quantities of immune 
serum to a mixture of rabbit serum and washed rabbit leucocytes con- 
ferred on this mixture marked growth-inhibitory and pneumococcidal 
powers.  The effect of the immune serum was found to be quantitative 
in nature.  Beyond a certain point progressive dilution of the serum 
resulted in a corresponding decrease in the degree of growth inhibition, 
but this property of the immune serum did not disappear until a high 
dilution was reached.  The leucocytes were also found to exert their 
effect quantitatively.  Within certain limits the number of pneumo- 
5 Subsequent  experiments,  in  which  certain  modifications  in  technique--- 
described in Paper IV--were employed, showed that the immune serum activity 
could be demonstrated in even higher dilutions than were effective in the above 
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cocci killed was dependent on the quantity of them present.  Tests 
comparing the action of immune serum in the rabbit serum-leucocyte 
tubes with their protective action in mice showed a close parallelism 
between these two effects; that is to say, an immune serum showing 
marked protective properties for mice was likewise effective in high 
dilution in the in vitro test, and vice versa. 